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ENGini  PERFORMANCE OF PXZCISION-FORGED, ELETROPOLISEED, 

AND MACHINED HLA3ES OF NIMONICa 80 Am 808 ALLOYS 

By Paul F.  Sikora  and James X. Johnston 

An investigation WES conducted to   de te rn ine   the   e f fec t  of e lectro-  
polisillng  precision-forged  blades and of mehinlng  bledes from oversize 
forgings on the  engine  performance of Nimonic 80  and Nirnonic 8OAturbine 
blabes. These blades, elong with precision-forged  blades, were run i n  
e 533-3 turbojet  engine. The t e s t s   r e s u l t e d   i n   t h e  following 
conclusions: 

(1) Electropolishirg of precision-forged  blades did not improve .. engine l i T e  r e l a t f v e   t o   t h e   l i f e  of nonelectropolished  blades. 

I (2)  Wchizling  blades  from  oversize  forgFngs  did  not improve t h e  
engine l i f e  or" precision-forged  bl-d CL es. 

(3) The precision-forging and heat- t reat ing  pract ice  used i n  
fabricating  the  blades  investigated was such tha t   t he  surface roughness 
and oxide  penetration  vas so slight,  epproximately 0.0005 inch  in  depth,  
as to   preclude eny benefits   derived from surface  remval   by  e lectro-  
pol ishins  o r  machining. 

INTRODUCTION 

Nickel-bese  elloys,  such as Nimonic 80 and 80A, have  been shown t o  
be  susceptible  to  surPace  oxidation (reTs. i t o  3) .  I n  acZdition, the  
cola-worked  edges, recrystal l ized  areas ,  and depletion zones that form 
at the  surfaces of these alloys prior  to  or  during  high-temperature  use 
are considered  harmful. The removal  of these deleter ious  surface  effects  
mzy be eccomplished by electropol ishing  af ter   precis ion forging. In  a 
previous  investigation a-L the  NACA Lewis 'la3oratory  (ref. 41, the  blade 
performance of several  forged  nickel-5ase  alloys wzs not inproved by - electropolishing. 
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Machinicg oversize  forged blades is another method  of surface 
renovaL t h r t  has been beneficial ,   especially under  fatLgue  conditions. 
A stabstantiel  increase  in the fatigue  strength of Nimonic 80 turbine 
blades machined from forged  slugs  over  that of precision-forged blades 
w a s  reported i n  reference 5. Consequently, t h i s  investigation was 
conducted t o  determine: 

(1) The e f fec t  of electropolishing on the engine  perfornance  of 
Nimonic 80 and BOA %turbine blades 

(2)  The ef fec t  of mchining on the engine  performance of oversize 
forged Nimonic 80 turbine blades 

PJO l o t s  of Nimonic 80 and one l o t  of Ntmonic 80A blades were 
precision  forged. One-half of each l o t  of blades was electropolished. 
One addi t iona l   lo t  of Nimonic 80 ( l o t  2) blades i?&s forged  oversize 
an6 thee mzchLned t o  size. T'lese blades were then  cperated  in a 533-9 
turkojet  engine a t  t he  NACA Lewis la3oratory. The tes t   consis ted of a 
repe t i t ion  of a 20-minute cycle (15 M n  a t   r a t e d  speed and 5 min a t  
id le  speed). A t  rated speed, t he  blade temperature w a s  maintained a t  
1500' F.  Cyclic  operation vas employed t o  simulate  service  conditions, 

MATERIALS, APPAFUfWS, ~~ PROCEDURE 

Turbine  Blades 

The chemical  compositions of  the a l loys   inves t iga ted   a re   l i s ted   in  
table I. Blades of  the  different  al loys were evaluated a t  the  conditions 
shown I n  the following table: 

:roup 

1 
2 
3 
4 
5 
6 
7 

8 

All0 y 

Nimopic 80 ( l o t  1) 
simonic SO ( lo t  1) 
Nimonic 80A 
Nimonic 80A 
Nimonic 80 ( l o t  2) 
Nimonic 80 ( l o t  2 )  
Nimonic 80 ( l o t  2 )  

Number of 
blades 

6 
6 
6 
6 
6 
6 
6 

Eaynes S t e l l i t e  21 I - 10 
Total, 52  

Condition of 
blzde s I 

Precision  forged 
Forged  ana  electropolished 
Precision  forged 
Forged and electropolished 
Precision  forged 
Forged  and electropolished 
Forged 0.030 in.   oversize  

and machir_ed t o   s i z e  
Standard  stock 

The bar stock used in   forging  these blades was produced i n  England 
i n  accordance kith Ministry of SuDply Specifications D.T.D. 725  (Nirnonic 
80) and D.T.D. 736 (Einonic 80A).  The blades were forged as shown i n  - 
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t ab l e  I1 in .the United S-LEtes. Upon receipt  of the  blades at the  Lewis  
lzboretory, it vas  found  that  the  leading and t r a f l i n g  edges oI" a l l  
blades had  been l e Z t   i n   t h e  trimmed conditions.  Therefore, it was 
necessary  that   the eaes  of' a l l  tbe  blades  be ground t o  shepe  and the  
blades of groups 2, 4, and 6 be  re-electropolished. "he blades of 
group 7 were machined t o  s i z e  on z pantographic  aultTspindle  grinder. 

The electropolishing  procedure employed on the  blades of groups 
04 ul m 
u) 

2, 4 ,  and 6 t o  renove  asproximately 0.001 inch -ms as follows: 

Bath,  percent  phosphoric  acid (E3P04) by volume . . . . . . . . . .  75 
Bath  tempereture, 9 . . . . . . . . . . . . . . . . . . . . .  160-170 
Currect, &EPs/blade aLrfo i l  (16 sq in . )  . . . . . . . . . . . . . .  60 

2 

r;' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  rl Ifme, min 15-20 
cd 
P 

P r i o r   t o  engine  operetion,  the  blades were inspected  radiograph- 
i_CZlly  and Visually  usiog a fluorescent-oil   penetrant method and were H u soun6. 

S t ress  and  Temperature Di s t r ibu t ion   i n  TurbiEe  Blades 

During  Engine Operztior 

The c ross -sec t ioml  areas of several  blades  of  eech group  were 
- 

measured on an  oFtical  corrrparator p r i o r   t o  ez?_gine operation,  aad  the 

described  in  reference 5. 
" s t r e s s   d i s t r ibu t ion   a lons   t he   a i r fo i l  vas calculated by the  method 

Teaperatwe measwements  were made on two themocoupled  blades 
8s described  in  reference 6 .  

On the  basis of the  stress znd temperature  distribution, a p l o t  of 
s t ress-rupture  l i f e  wzs Oetemined f o r  %he conditions a t  eech  inereKent 
of blede lengLh as szlown i n   f i g u r e  1. From this st ress-rupture   plot ,  it 
may be  seen  that a zone 03 the  blade, i f  subjected t o  s t ress-rupture  
conditions  alone,  exists where the   b l ade   l i f e  should be a minimum. This 

z m e   l i e s  between 2 and 2 2  Fnches  above the  base.  1 

Engine a e r a t i o n  

The test blades were in s t a l l ed  Tn %. 533-9 turbojet  engine  hzving 
EL nominal tbzust  of 4000 pounds  and  employing a dual-entry  centrifugal 
compressor. The engine  and test  instrumentation is descrFbed i n  

shoTm i n   f i g w e  2. Dming  the  rated-speed  gortion of the  cycle,   the 
. reference 7. The engine test  consisted of e r epe t i t i on  of the  cycle  

.. 
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gas  temperature was var ied   to   y ie ld  a midpoint  blade  temperature  of 
L5OO0 F.  Blade stresses during the rated-speed  portion of the cycle 
a re  sho-m- in   f i gu re  1. 

A l l  blades  vere  operated  to  failure  (defined as e i ther  complete 
Tractwe or evidence  of the  beginning of f r a c t w e ) .  I n  order   to  
minimize tke  damage resu l t tng  from blade failure, the  thickness of the  
shroud band i n   t h e  engine t a i l  cone t h a t  surrounds the turbine wheel 
was reduced t o  allow  blade  fragments to  pierce  the  shroud band eas i ly  
and t o  be thrown c lear  of' the  turbine.  After  each  failure the blades 
were exzmined f o r  damage, and the  location and nature of the  damage 
were recorded. 

Blade-Elongation Measurements 

Two blades of each  group were scr ibed  in  t'ne  manner  shown in   f i gu re  
3. A t  engine shutdowo periods, measlnements  were  uade of  blade  elongation 
jetween  the  scribe marks using  an  optical  extensoneter. 

Metallurgical Examination  of  Blades 

As-received  and tested  blades were examined t o  determine  the con- 
d i t ion  of the edges  and t o  determine  whether any metallurgical changes 
occurred  during  engine  operction.  Since chromiun, as well as the  
hardening  elements  titanium  and aluminum, oxidizes more rapidly  than  the 
n i cke l   i n   t he  Nimonic alloys,  an impoverished  layer, or depletion zone, 
i s  l e f t  on the surfaces exposed to  hot  conbustion  gases during high- 
temperature  applications.  Furthermore,  since  electropolishing  could 
'nave an  effect  on the  oxidatfon and subsequent  depletion zone, s tudies  
were made of the edges of tAe blades  after  engine  operation. Measure- 
ments vere made of  the  thickness  of  oxidation,  depth of oxide  penetration, 
and depth of depletion  in  blades of each  group.  Standard metallurgical 
equtpment and procedmes were employed. 

The mechanism of failure  propagation was determined on the   bas i s  of 
the  following  definitions: 

(I) Stress  rupture:  Stress-rupture blade fei lures   are   those 
occurring by cracking  within the a i r f o i l ,  by  necking of t he   a i r fo i l ,   o r  
by f r ac tu r ing   i n  an  irregular and jagged in te rcrys ta l l ine   pa th .   In  
addi t ion  to   the main fracture ,   o ther   s imllar ly  formed cracks  frequently 
occurred  near  the  origin of t h e   w i n   f r a c t u r e  or crack. 

( 2 )  Fstigue:  Fatigue  failures were those due t o  cracks  that  pro- 
gressed from nucleation  points,  usually at or near  ei ther  the  leading or 
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t r a i l i n g  edges, i n   s t r a igh t   pa ths .  The cracks were Zrequently smooth, 
of ten showed progression  l ines  or  cozlcentric  r ings,  and  appeared t o  be 
t renscrys ta l l ine .  

(3) Stress  rupture  followed  by  Tatigue:  Blade  failures  that  appeared 
t o  be  caused by a combination of the  preceding mechanisms vere ca l led  
stress  rupture  followed  by  fatigue.   me  frzctured  surfaces of b l ades   i n  
t h i s  group consisted of a small area t h a t  had the  character is t ics   descr ibed 
for  the  stress-rupture  cztegory end a larger   area with the  fatigue  char- 
a c t e r i s t i c s .  A f u r t h e r   c r i t e r i o n  WES that  other  cracks  also  appeared 
imediztely  near   the  nucleat ion area of the  main c rack   or   f rac ture  edge 
and appeared t o  be  stress-ruptwe  cracks.  

I n  a l l  cases ,   the   b lades   fa i led   f inc l ly   in   t ens ion   because   o f   the  
progressive  reduction  in  the  Load-carrying  area, so t h a t  a l l  blade 
f a i lu re s  showeti a large  area  of  rough f r zc tu re  su-?face. 

(4 )  Daaage: Dmaged blzdes were those showing nicks  or  dents Tn 
t h e   a i r f o i l   t h a t   c o u l d  have i n i t i a t e d   t h e  observed f r a c t m e .  These 
blades were considered  apart  from  the  preceding  three  categories of  
blade failure, since t'ney did  not  give a t rue  indicat ion of material 
properties.  

RESULTS Am DISCUSSION 

Engine  Operating  Results 

The r e s u l t s  of the  cycl ic   engine  tes t   are   presented  in   table  I11 
and f igu re  4. On the   bas i s  of the   to ta l   range  of blede l i fe  and the  
nean  blaiie l i f e  of each group shown i n   f i g u r e  4, no &ppreci&le i m -  
provement resul ted from electropolishing  precision-forged  bla6es o r  
nachining  oversize  forged  blades.  Furthermore, no appreciable  di-f- 
ference i n  the  engine  perfomnce of the  var ious  lots  of blades 
resul ted.  

Slede  elongation  during  engine  operation  ranged up t o  a nexiuum of 
0.5 percent   in   the middle port ion of the  blades.  A typical  blade- 
elong&tion  curve i s  presented i n  figure 5 along  with a typica l  Curve of 
S t e l U t e  21 f o r  conparison. The creep i n   t h e  Nimmic  blades is  
negligible.  

The locetion  of fsilure origin  and  the nechanism of blade failure 
are shown i n  f igu re  6. Exclusive of the  demage failures, it was deter-  
mined tha t :  

I 

(1) A t o t a l  of 45 perceGt of the  blades  fe i led by fatigue,  17 per- 
cent   fa i led by stress rupture  followed  by  fatigue, and 38 percent 
f a i l e d  by stress rupture. 
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(2) Of a l l  the blade  fa i lures ,  65 percent  originated at the  leading 
edge. 

(3) Of the blade  fa i lures   or iginat ing at the  leading edge, 42 per- 
cent were by stress rupture, 37 percent  by  fatigue, and 16  percent  by 
stress  rupture  followed by fat igue.  

(4) of the  blade failures originating at t h e   t r a i l i n g  edge, 60 ser- 
cent were by fatigue,  20 percent  by stress rupture  followed  by  fatigue, 
and 20 percent by st ress   rupture .  

Metallurgical  Studies  of  Blades  Prior  to  Eqine Operatior! 

Photom5crographs of the edges  of the various groups of blades 
pr ior   to   ensine  operat ioo are presefited I n  f igure 7 .  The blades t h a t  
were precisLon  forged show a slightly  oxidized,  irregular  surface 0.0005 
inch  tkick  ( f igs .  7(a) t o   ( c )  ) . These i r regular i t ies   appear  t o  be  the 
r e su l t  of external  oxidation  rzther  tkan  intergranular  oxidation. 
Typical  edges of corrxnercially electropolished blades ol" each Lot are 
shown i n   f i g u r e s  7(d)  to (f). TSese blades were not   suff ic ient ly  
electropolished t o  remove the oxides  completely and t o  smooth out  the 
irregular  surface.  Hovever, when the ssme blades were further  electro- 
polished  (figs. 7 (g )   t o  (i) ) , the  oxide was completely removed and the 
surfece was smooth. Tne blades  that  vere machined fron!  overstze  forgings 
bad e clean and smooth surfece free of d i s tor t ion   ( f ig .  7 ( j ) ) . 

Metallurgical  Studies of Blades After Engine  Operation 

Photographs of the   f rec ture  edges of . typica1  blade failures are 
presented  in   f igure 8. An exanple of a fatigue-type failure is  shown 
in   f igure   8 (a) ,  where tke  fracture  follows a transcrystall ine  path,  
whereas the intercrystallrne  path of the f rac ture  sho-m i n   f i g u r e  8(b) 
is typica l  of a stress-rupture failure. 

Measurements of oxide  penetration and depletion zones made on the 
lest 51ade t o  f a i l  i n  each group are presented i n  table IV, and several  
examples  of the edges studied are shown i n   f i g u r e  9. The mslximum oxide 
penetration  ard/or  depletion zone appeared t o  be g rea t e s t   i n   t he   b l ades  
t h a t  were electropolished. Eowever, the   typ ica l  o r  average  depths of 
oxide  penetration and depletion zone are not  appreciably  different. 

Blade-Failure Mechanisms 

Centrifugal stress and temperature are not  the  only  service con- 
d i t ions   the t  are known t o  l i m i t  the perfomance of turbine blades. 
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Blade vibrat ions m&y coa t r ibu te   to   ear ly   fa i lures   by   fa t igue .  Rapid 

the act ion of t he  hot combustion gases m y  cause  surface aEd h t e r g r z n u l a r  
corrosion. 

- heeting or c o o l i w  tnay set up thermal  stresses  within  the  blades,  and 

In almost a l l  cases ,   the   c lass i f ica%ions made by visuel  examination 
were supported by l a t e r  microscopic  examinations. A basic d i f f i c u l t y  
in   def ining  the failure mechanism from tbe  apgearance of tine f r ac tu re  
surface Fs t h a t  the e f f ec t  of superimposed fa t igue  damage is  not  always 
evFdent.  Reference 8, f o r  example, reports  measurenents of hFgh- 
teugerature l i f e  of  specimens subjected t o  vibrstory  loads superimposed 
upon constant  loads.  In macy cases   the  f racture   surface of the   spechens  
showed  no evidence of f z t igue  darrage, although the r e d u c t i o n   i n   l i f e  
caused by %he vibratory  loads  mde it c lea r  that fa t igue  rrust  have  been 
En important  Zector i n  causing  early failure. 

From the  knovn d i s t r ibu t ion  of temperature anG cent r i fuga l   s t ress  
i n   t he   b l ade  and  from t h e  known material   pro-gerties,   the  stress-rupture 
l i f e  of material under the  same combinations OF centrifugally  induced 
s t r e s s  and tenperature  that   exist   along  the Lengbh of   the   b lade   a i r fo i l  
can  be  calculated. The r e s u l t s  of such a caIculatLon  are  presented  in 
Zigure 1, where the  s t ress-rupture  l i f e  of  Ninonic 80 bar stock  given 
the  standard  'neat-treatment, is  shown plot ted  against   the   dis tance above 
the  bese f o r  the corresponding  coniiinations  of stress and temperature. 
The minimum i n  th i s  curve shows t h a t  €he most severe  confiitions, assuming 

izlches  rbove the  pla-Lfom of the  blades,  where theostress  is 18,000 
pounds per  square  inch and t h e  temper&ure is 1500 F.  Furtinemre, 
because of t h e  nzterial differences tbzt exist   betveen  bar  stock and 
forged  blades, the s t r e s s - r u p t u r e   l i f e  of the  forged blades under stress- 
rupture  conditions shouLd not be expected to   equal  the minimum value 
given by f igu re  1. Only the   loca t ion  02 t h e   c r i t i c a l  (minimum stress- 
rupture l i fe )  zone is considered i n   t h e  following discussion. 

- st ress-rupture   condi t tons  a lone  affect   b lade l i fe ,  would be  located 2.3 

Exclusive of t he  damage fatlures, the  major i ty  (65 percent) of 
fa i lures   o r ig ina ted  a t  the  leading edge  of t h e  blade and the balance 
at t h e   t r a i l i n g  edge.  Altogether 16 percent of the   b lades   fa i led  
above t h e   c r i t i c a l  zone, 38 percezlt failed below, and 46 percent failed 
wi th in   t he   c r i t i ca l  zone. From the  macroexaminations  and  microexamha- 
-Lions or" t he   f r ac tu re  edges, the  blade failures were c l a s s i f i ed  as 
follows: 46 percent  by  fatigue, 38 percent by stress rupture,  and 16 
percent b y  stress rupture  followed by fat igue.  Bowever, since the 
ma jo r i ty   o f   f a i lu re s   i n   t he   c r i t f ca l  zone, as w e l l  as i n   t h e  zones  above 
and  below th i s  port ion of the a i r f o i l ,  had f a t i g u e   c k a c t e r i s t i c s ,  it 

' nay  be  concluded that fatigue  played a predominant r o l e   i n   t h e   f a i l u r e  
mechmi-sm of the various groups of blades. 
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Engine  Operation 

Since  there was no cppreciable   difference  in   the  operat ing  l i fe   of  
the  electropol5shed blades as compared with the  precision-forged  blades, 
it was concluded that electropolishing w a s  not  beneficial. The cnter- 
granular  penetration of  about 0.001 inch and oxide  layer  of  about 0.0005 
inch  t'nickness  on the  surface of the  precision-forged blades had no 
appsrent  ha&ul effect on t'ne operating l i fe  of the blades. It i s  
ststed in   r e f e re rce  2 that intergranular  oxide  penetrations are harmful 
end t h a t   t h e  damaged surface  should be removed.  Eowever, the penetrations 
described i n  this reference were approxinrately 0.003 inch deep  and re-  
sul ted from solution-treating for 8 hours &t 1080' C (1976' F) i n  an 
a-ir atmosphere. Tie SlaSes of the  investigation  reported  herein were 
solution-treated  for 8 hours a t  1950' F i n  a natLiral gas ztmosphere, 
and %his  may be the  reason  that   the  penetrations were re la t ive ly  
shallow. 

m co 
v) m 

Altnough thb  electropolished blades =ere clean and smooth p r i o r   t o  
engine  operation,  the  intergranular  oxidation  during  engine  operation 
appeared to  penetrate  electropolished blades t o  2. greater maximum deDfh 
than  precfsion-forged bledes, as showt~ i n   f i g u r e  9 and tzble IV. 

No improvement Fs made i n  tine l i f e  of Refractaloy 26 a l loy  blades 
by  coatir-g, i n   s p i t e  of  the fact that t h i s   a l l o y  appeared  susceptible 
t o  severe  intergranular  oxidation  (ref. 3 ) .  I n  a prev-ious investigation 
(ref.  4) ,  electropolished blades had an  engine  operating l i fe   equiva len t  
to   forged blades f o r  suck? al loys as Refractaloy 26, "252, and WaspaLoy. 

I n  a fatcgue tes t  of Frecision-forged blades and blades machined 
from forged slugs (ref. 5) I a substant' La1 increase was noted i n   t h e  
fatigde  progerties of Nixonic 80 turbine blades as a r e s u l t  of  machining 
blades from forged  slugs. Although, as previously  noted,  fatigue  playeii 
EL predorznaht rare i n   t h e   b i a d e   f a 5 l a r e s   i n   t h i s  engine, it was found 
t h a t  machining of oversize  forged  blades  had no appreciable effect on 
t3e engine l i f e  of tine blades when conpared with precision-forged  blades 
o r  electropolished blades. If the one blade of this group t h a t   f a i l e d  
ear ly  i s  omitted  and a new  mean l i fe  calculated on the basis  of  the 
remining  five 'blades, the  sample would appear t o  be better than t h e  
precisior-forged blades3 and the improvement i n  mean l i f e  would be of 
the order o f  25 Fercent. On the  basis of these observati.ons of the 
effect  of  electropolishing and cf machining  from oversize  forgings, it 
may be  concluded that  the  oxide  penetration fs not  severe enough t o  be 
n a m f u l   t o  t'ne blades  or   the  blades are not as readi ly  damaged by 
oxidz-lton as was previously  thought. 

The notches that r e s u l t  from intergranular  penetration of the  oxides 
would not be expected to   shorten  the l i f e  of   the  blades  in  t'ne zone of 
maximum faiiilres where the  tezperatuze is 1500' F and the s t r e s s  i s  
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approxiuately 18,000 pounds per  square  inch sizzce the Nimonic 80 al loys 
are not  senstt ive -Lo notches  uoder  these  conditions (ref. 9 ) .  However, 
on the  basis of the  temperature  distribution  elong  the blede (Zig. I), 
there  i s  a notch-sensftive  region 1 t o  1; Cnches above the  base. I n  
t h i s   a r e a  of the blade, the  tenrpere-lure ranges from 1370' t o  1450' F 
and the stress i s  approximately 20,000 pounds per   sqmre  inch.   In  
reference 9, it was sho-m t h a t  Nimonic 80A i s  notch-strengthened i n  
rupture   t es t s  e;-L l2OO0 F fo r   t i nes   t o   r f i p tu re  up t o  1000 hours, and khat 
at 1500 H no notch  veakening  should be observed at any t i m e  to   rup ture  
over 5 hours. I n  contrast ,  rt 1300' end 1400' F pronounced  notch weak- 
ening is observed a t   r u p t u r e  times  over 100 hours. 

0 

N 
I 
I-! 
u 

The first fai lure   occurre6 i n  the Ninonic 80 (lot 2) precision- 
forged grofip sfter 81 hours of  engine  operation and origina-bed lL inches 

above the   p lz t forn  of the  blade.  All t h e  bledes i n  t h i s  group f a i l e d   i n  
the  zone  below 2 inches  fron?  the  platform. The edges  of this group of 
blades were the mst i r regulzr  of any of tbe groups ( f ig .   7 (b) ) .  O f  t he  
seven  groups of bleaes   tes ted,   the  mean l i f e  of t h i s  group was the  lowest. 
From these  observations, it is  possible that t h e   i r r e g u l a r i t t e s  and 
roughness of these blzdes greetlg  influenced the locat ion of the or ig in  
of f r a c t u r e   a t h i n   t h i s  group. 

16 

Although electropolishing had no .zppreci_able e f f ec t  on the mean l i fe  
of t h i s  group  of blades,  conceivebly, it could be b e n e f i c i a l   u d e r   c e r t a i n  
conditfons. If the  blade  temperature of an  engine i n  f l i g h t  were about 
1400° F, the  blades could be i n  a notch-sensitive  range  for a period of 
time. In   this   instance,   e lectropol ishing  or   nachinfng  could minimize the  
notch  effect  ad.  increase bla&e l i fe .  

- 

CONCLUSIONS 

An invest iget ion of the en4ine  performance of Ninonic 80 and Winonic 
8 0 A  turbine  blades was conducted t o  determine  the  effect of' electro-  
polishing  precision-forged  blades and mchizling of blades from oversize 
forgings. Tiese blades, alo27-g vit'n precision-forged  blades, were run 
i n  a 533-9 turboiet  engine. On the bas is  of the   resu l t s ,  it w a s  concluded 
t h a t  : 

1. Electropolishing of precision-for&ed blades did not Lmprove 
engine  l iTe  re la t ive  to   the l f fe  of nonelectropolished blades. 

2. Ytchining  blsdes  from  oversfze  forgings did not improve the 
engine l i f e  of  precision-forged blades. 
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3. The precision-forging and heat-treatcng  practice used i n  f ab r i -  
cat ing  the  blades  invest igated was such that the  surface  roughness  and 
oxide  penetration were so slight,  approximately 0.0005 inch i n  dept'n, 
as  t o  preclude any benefits   derived from surface removal  by electro-  
polishing  or machining. 

4. The engine l i f e  of two l o t s  of N-inonic 80 and one l o t  of Nimonic 
BOA blaaes  did  not  vary  zppreciably and ranged  from 81 hours to 200 
hours. In genersl,  fatigue  played a predominant ro l e  i n  the   f a i lu re  
mechanism of a l l  groups of blades. 

Lewls Flight  Propulsion  Laboratory 
Natiorsl  Advisory Committee for  Aeronautics 

Cleveland, Ohio, Janmry 21, 1955 
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TABLE I. - CHEMICAL COMPOSITION OF ALLOYS 

Elemen t  

C &yb on 

Cobalt 

C Isr omium 

Nickel 

Iron 

Titanium 

Bluminum 

Silicon 

NACA RM E55A21 

Percent in = 

Vimonic 80 ( l o t  1) 

0.05 

0.44 

20.84 

74.92 

0.55 

1.90 

1.10 

0.04 

0.024 

0.37 

19.16 

75.05 

0.50 

2.35 

1.05 

0.35 

Bimmic 80A 

0.05 

0.30 

19.09 

75 .41 

0.31 

2.23 

0.95 

0.13 
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1. 

2. 

3. 

4.  

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Prec is ion   forg ing  
(a 1 

blast, Tarqpico brush 

Heat t o  21000 F i n  air 

Upset  and ful ler  

Reheat t o  1920' F i n   n a t u r a l  
g a s  atnosphere 

Press forge 

Water quench,  wheel abrate, 
sr?odic e t c h  

Reheat t o  1950' F i n  n a t u r a l  
gas atmos_ohere 

m e r  forge (2000 ~ b )  

Water quemh,  sazd blast, 
anodic  etch 

Reheat t o  1950° F i n   n a t u r a l  
gas atmosphere 

Hot drop 

A i r  cool  

Seat trea-hcent:  Nbonic 80 
( l o t  1) + Nimonic 80A 
so lu t ion   t r ea t ed  a t  1950° F 
i n  natural gas atmosphere 
8 hr; oil-quench  aged at 
13000 F in natura l   gas  
atnosphere 1 6  hr; air cooled. 
Nqaonic 80 ( lo to2)  solution 
t r e a t e d  a t  1985 F i n  n e t u r a l  
gas Etmosphere 8 h_r; oi l -  
quench  aged at 1350° F i n  
natural   gas  atmosphere 16 ?Tj  
air cooled 

Sand blas t ,   inspec t ,   sand  

Oversize  forging 

1. Eeat to 2100 P in  air 

2. Upset and fuller 

3. Reheat t o  1920' F in n a t u r a l  

0 

gas atnosphere 

4. Eamner Torge 

5 - Water quench 

6. Eeheat t o  1920 F in n a t m a l  
0 

gas  atmosphere 

7. F m e r   f o r g e  (2000 l b )  

8. 

9. Water quezch 

10. Heet treatluent: Nin?onic 80 ( l o t  2) 
so lu t ion   t r ea t ed  a t  1985O P i n  
natural   gas  atmosphere 8 hr; 
oil-quench  aged a t  1350° F i n  
natural   gas  atmosphere 16 kr; 
air  cooled 

11. Sand blast, inspect  , stmd blast 

%e-half of each ellay group wes elecAaopolished in s t e p  13. 
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TDLE rII. - RESULTS OF ENGINE OPERATION OF TUREINE BLADES 

I 

L.E. 

T.E. 

L E .  

L.3. 

L.E. 
L.H. 

T.E. 

T.E. 

T.E. 

T.E. 

T.I. 
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TABLE N. - MUSUREMENTS OF STJRFACE E m C T S  RFTER ENGINE OF%RATION 

E11 meaGurements made on specimens cut  about  1/4 i n .  below fracture  edge of l a a t  blade failure i n  each g r o u d  

" 

troup 

1 

2 

3 

4 

5 

6 

7 

Alloy Condition 

Nimonic 80 ( l o t  1) 

Forged oversize, Nimonic 80 ( l o t  2 )  

Electropolished Nimonic 80 (lot 2) 

Precislon  forged Nimonic 80 ( l o t  2) 

Electropoliahed Nimonic BOA 

Precieion forged Nimonic 80A 

Electropolished Nimonic 80 ( l o t  1) 

Precision  forged 

machined 

Fallure time, 
hr at  rated speed 

174 8 

147.7 

144.3 

180.5 

170.4 

180.0 

199.6 

0,0015 

0021 

I 0314 

. 0010 

. O O l l  

. 0011 

.0014 

ition, in. 
hximum 

0.0018 

.0026 

.0016 

,0029 

.0013 

.0058 

.0017 

r ~~~~ 

kpletior 
Typical 

0.0026 

,0032 

,0329 

,0016 

.0016 

.0014 

.0018 

:one, i n ,  
Cximum 

0.0030 

.0035 

.0030 

.0032 

. 0018 

; OOlG 

0019 

1 

" 

I 

P F 

I 
9 

I 
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300 

Distmce above bese, in.  

Figure 1. - mica1 stress and tezperatze  distribution of airfa i l  of 533-9 t u b < =  blade of 
Ilinonic 80 elloy. 
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Figure 3 .  - Location of  scr ibe marks on 
convex s ide  of turbine  blades for use 
i n  measuring  elongation. (Dinensions 
are i n  inches. 1 



1 Nimonic a0 ( l o t  I), precision Pmged 

5 Nimonic 80 (lot 2) precision forged 

6 Ni.monic no ( lob 2 ) ,  cl.ectropo.l.ished 

* I 
CI-3 3ack 3589 

I I 

o +  c(++ 0 0 
\\\\\\\h\\\Y 

0 
I 

I I I I I I I 
ao 1 00 120 140 1.60 Lao 'io0 

Blade lallure, lm 

Figure 4 .  - Results of' engine operation. 
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Figure 5 .  - Ty$i CHI elongation in zones 3 and 4. of' Nimoni c 80 alloy blades. 
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0 Stress rupture 
0 Fatigue 
6 Stress rupture,   fatigue 
0 Damege 

Zone of acninum 
stress-rupture l i f e  

I 1 1 1 
- 2 3 4 

Distance from root, in. 

Figure 6. - Location  of blede-faiiure o r i g i n s  and  mechanism of blede 
failures. 
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(a) Xiaonic 80 (lot 1); comercia1 electropclish. 
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I ’  
I \ t 

C-37490 

(:) itizonic ao ( l o t  2) ; etckert: 20 parzs Lvdrolhoric ecib, 
20 parts  glyceria, ecd 5 p a r t s  wzter; Sorged oversize a 2 C  zachired. 

Figure 7. - Coxhded.  Typical blede eeges nrior to e3gLne 
ogerakior . X500. 



, .  . .  
i . '. I .  I 

(b) :tress-ruptu-e- type failnre. 

Pi,qure E .  - Typical hladE  x"ui1urec. Etchar;lt: 20 parts hydrofl~coric acid, 2C parts 
glycarin, and 6 parte water. 
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